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Scientific Basis To Establish Policy Regulating 
Communications Towers To Protect Migratory Birds: 

Response to Avatar Environmental, LLC, Report Regarding Migratory Bird 
Collisions With Communications Towers, WT Docket No. 03-187, 

Federal Communications Commission Notice of Inquiry 

1. Introduction 

On December 14, 2004, the Federal Communications Commission (“FCC”) made avail- 
able a review of comments received for its Notice of Inquiry on AvianiCommunication 
Tower Collisions. The Notice (of Inquiry was issued on August 20, 2003 and closed on 
December 6, 2003. A team of consultants (Avatar Environmental, LLC, EDM Interna- 
tional, Inc., and Pandion Systems, Inc.) was retained by the FCC in May 2004 and re- 
viewed all of the comments received. Their report, “Notice of Inquiry Comment Review 
AvianiCommunication Tower Collisions” (“Avatar Report”), dated September 30, 2004, 
includes recommendations of actions that might be taken by the FCC. 

Land Protection Partners was engaged by the American Bird Conservancy, Forest Con- 
servation Council, Defenders of Wildlife, and The Humane Society of the United States 
to provide an analysis of the conclusions and recommendations of the Avatar Report, and 
to provide the scientific basis, if any, for regulating communications towers to protect 
birds. We have found that the conclusions of the Avatar Report do not adequately repre- 
sent the current state of scientific knowledge about bird kills at communications towers in 
many important respects, and that the recommendations derived from those conclusions 
are insufficient to address the adverse impacts of communications towers on birds. 

This report is based on a revieiw of the published scientific literature (both studies dis- 
cussed in the Avatar Report and others), a peer-reviewed study now in press,’ progress 
reports of a scientific study now in progress: and personal communications with scien- 
tists working in this field. We first consider the question of whether bird kills at commu- 
nications towers are biologically significant. We then address various factors that 
influence the number and rate of bird kills at towers: tower height, tower configuration, 
tower lighting, and local topography. Although weather influences bird kills at towers, it 
is not discussed in detail here because it cannot be regulated. 

All parties involved in the debate over tower kill acknowledge that birds are killed in 
some number at towers. The Avatar Report documents this and finds that, “Overall, there 
is general agreement that there is sufficient documented evidence of avian mortality by 
communications towers and that the construction and operation of tall structures will 

1. Gauthreaux, S.A., Jr., and C. Belser. 2005. Effects of artificial night lighting on migrating birds. In C. 
Rich and T. Longcore (eds.), Ecological consequences ofariificial night lighting. Island Press, Covelo, 
California. 

2. Gehring, J. 2004. Avian collision study plan for the Michigan Public Safety Communications System 
(MPSCS): Spring 2004 surnmaqi. Central Michigan University, Mount Pleasant. Gehring, J .  2004. 
Avian collision study plan for the Michigan Public Safety Communications System (MPSCS): Fall 
2004 summary. Central Michigan University, Mount Pleasant. 
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likely result in the risk of bird collisions and possible mortalitie~,”~ and, “That birds are 
colliding with towers has been well doc~mented.”~ The Avatar Report further cites sev- 
eral sources estimating that moriality is between 2 million to 5 million birds per year, but 
ignores a letter to the FCC Chairman from the Director of the U.S. Fish and Wildlife 
Service dated November 2, 1999, where the Director references data indicating that the 
number of migratory birds killed by communications towers may be 4 million per year to 
an order of magnitude above this (40 million per year). 

Assessment ofthe cumulative significance of tower-caused avian mortality is confounded 
by the absence of monitoring at a large number of towers. Because the FCC does not re- 
quire monitoring at towers that it registers or otherwise approves, and because tower op- 
erators do not conduct such monitoring, bird kills reported in the literature represent only 
a minimum measurement of the total mortality. The majority of tower sites are never 
checked for mortality and even those that are checked are done so only on a sporadic ba- 
sis. In addition, the reported numbers are based on actual carcasses found and there is no 
extrapolation for predator/scavenger removal or search efficiency. This means, as the 
Avatar Report notes, that the numbers of birds killed are higher than reported. Two of 
the longer-term studies with periodic searches confirm that numbers of birds killed can be 
significant at one tower: a 38-year study of a single 1,000-foot television tower in west 
central Wisconsin documented 121,560 birds killed representing 123 species: and a 29- 
year study at a Florida television tower documented the killing of more than 44,000 birds 
of 186 species.6 Neither of these studies adjusted carcass counts upward to account for 
search efficiency and predator/scavenger removal. 

We do know that communications towers kill millions of birds annually, and that a very 
high percentage of these are neotropical migratory birds that migrate at night? 

3. Avatar Report, p. 3-19. 
4. Avatar Report, p. 3-20. 
5.  Kemper, C.A. 1996. A study of bird mortality at a central Wisconsin TV tower from 1957-1995. Pas- 

senger Pigeon 58:219-235. 
6. Crawford, R.L., and R.T. Engstrom. 2001. Characteristics of avian mortality at a north Florida televi- 

sion tower: a 29-year study. Journal ($Field Ornithology 72:380-388. 
7. See Shire, G.G., K. Brown, and Ci. Winegrad. 2000. Communication towers: a deadly hazard to birds. 

American Bird Conservancy, Washington, D.C. Banks R.C. 1979. Human related mortality of birds in 
the United States. U.S. Fish and Il’ildlife Service, Special Scieutt$c Report - Ii‘ildlife 215:l-16. Clark, 
J.R. 14 September 2000. Service guidance on the siting, construction, operation and decommissioning 
of communications towers. U S .  Fish and Wildlife Service, Washington, D.C. Erickson, W.P., G.D. 
Johnson, M.D. Strickland, D.P. Young, Jr., K.J. Sernka, and R.E. Good, 2001. Avian collisions with 
wind turbines: a summary of existing studies and comparisons to orher sources of avian collision 
mortality in the UniledSiates. National Wind Coordinating Committee (NWCC) Resource Document. 
Woodlot Alternatives. 2003. An assessmenf of factors associated with avian mortality at cornmunica- 
tions towers - a review of existing scientific literature and incidental observations. Topsham, Maine 
(“Woodlot Report”). 
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2. Kills of Birds at Communications Towers Can Be Biologically Significant 

Scientists do not have an accepted definition of “biological significance,” and, in fact, do 
not use the term in any regular fashion. The terms “significant” and “significance” are 
generally reserved for the description of statistical results. To be useful to a scientist, 
“biological significance” must be defined in terms that can be measured. The Avatar Re- 
port states that, “biologically significant mortality is any mortality that is of sufficient 
magnitude and importance that it causes the viability of a particular population or species 
to be affected.”’ Elsewhere, the Avatar Report states that, “declines of local, regional, or 
range-wide populations [of species] would be biologically important,”’ and presumably 
“significant.” It is important to note that the Avatar Report provides no statutory basis 
for establishing this standard, nor does it attempt to apply this standard to any of the 
avian species or populations thai are killed by towers. 

It is apparent from the comments submitted in response to the Notice of Inquiry, espe- 
cially those by the communications industry, that the standard for significance at issue is 
not a scientific standard, but rather a statutory standard under the National Environmental 
Policy Act (“NEPA”).” For purposes of this report, we assume that “biologically sig- 
nificant” means a significant impact to biological resources under NEPA. 

The Avatar Report does not outline the standards used by the FCC to determine signifi- 
cance of impacts to biological resources under NEPA.” The report does assert, however, 
that analysis of biological significance would be possible for well-studied bird popula- 
tions such as Kirtland’s Warbler and Red-cockaded Woodpecker, but then does not con- 
duct any analysis or provide any insight into whether tower kill would be “biologically 
significant” for these species. 

The communications industry likewise fails to present a coherent analysis of biological 
significance.” The industry relies on an argument that bird kills at communications tow- 
ers are so small relative to other forms of human-caused bird mortality that they are in- 
significant by det7niti0n.l~ Because this argument is repeated (without critical analysis) 
in the Avatar Report, it deserves special consideration. 

The communications industly bases its conclusions about the “significance” of bird kills 
at towers on the report prepared by Woodlot Alternatives (“Woodlot Report”). In this 
report, Woodlot Alternatives attempts to tabulate all of the sources of human-caused 
mortality for birds. From these rough estimates, Woodlot Alternatives concludes that 

8. Avatar Report, p. 3-66. 
9. Avatar Report, p. 3-62. 

IO.  Cellular Telecommunications & Internet Association and National Association of Broadcasters. 2003. 
Comments of the Cellular Telecommunications & Internet Association and National Association of 
Broadcasters in the matter of effects of communications towers on migratory birds, WT Docket No. 
03-187 (“CTIAMAB Comments”), p. 11. 

1 1, Avatar Report, p. 3-67. 
12. See CTIAMAB Comments and Woodlot Report. 
13. CTIAMAB Comments and Woodlot Report. 
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tower kill constitutes only 0.5% of the human-caused mortality of birds. This approach is 
inappropriate to any discussion of “biological significance” because it refers to mortality 
for all birds, not for any particular bird species or population of birds. The different hu- 
man-induced causes of mortality do not affect all birds equally; any given type ofmortal- 
ity is more important for some species and less important for others. Generally speaking, 
as an example, birds that are subjected to oil spills are not also vulnerable to predation by 
house cats. Expressing tower kill mortality as a percentage of total human-induced mor- 
tality therefore does not make sense. Even if it were a rational approach, it is interesting 
to note that consultants for the wind industry undertook a similar analysis and concluded 
that communications towers result in I-2% of human-caused mortality (not 0.5%).14 

The estimates of total human-caused bird mortality are not relevant to determine whether 
kills at communications towers meet the NEPA standard for a significant impact. The 
FCC checklist for environmental impacts requires disclosure of placement of towers in 
wilderness or designated wildlife refuges, and disclosure of any potential impacts to spe- 
cies that are candidate species or listed under the Endangered Species Act. These FCC 
guidelines omit elements of NE,P4 analysis that are routine in other circumstances, in- 
cluding violation of the Migratory Bird Treaty Act, which prohibits the killing of any mi- 
gratory bird, even unintentionally, without a permit. It is also customary to consider the 
impacts of a project to be significant if those impacts: 1) reduce populations of species of 
local conservation significance, such as those listed under state endangered species acts, 
2) interrupt the movement of wildlife across the landscape, or 3) result in declines in spe- 
cies that will lead to their endangerment. 

The available data are sufficient to allow an estimation of the number of individuals 
killed at towers on a species-by-species basis, which is a necessary approach to assess 
impacts to biological resources i n  any situation. Such an analysis is essential because 
whatever threshold of significance is applied, it will be applied to species, not to “birds” 
as a whole. 

2.1. Estimate of Numbers o f  Birds Killed at Tower by Species 

To estimate the number of individuals of each species killed at towers, we used species 
lists of birds killed at towers to determine the percentage representation of each species, 
which we multiplied by estimates of total birds killed per year at towers. The number of 
individuals of each species killed was collated by the American Bird Conservancy from 
47 studies with complete lists ofbirds killed at communications towers.” The 47 studies 
were from 3 1 states and two Canadian provinces east of the Rocky Mountains, and report 
deaths of 184,797 birds at communications towers. We assume that the proportion of 
~~~~ 

14. Erickson, W.P., G.D. Johnson, M.D. Strickland, D.P. Young, Jr., K.J. Sernka, and R.E. Good. 2001. 
Avian coNisions with wind turbines: a summary of existing studies and comparisons to other sources of 
avian collision mortality in the L‘nL’ed Sfates. National Wind Coordinating Committee (NWCC) Re- 
source Document, p. 16. 

15. Shire, G.G., K. Brown, and G. Winegrad. 2000. Communication towers: a deadly hazard 10 birds. 
American Bird Conservancy, Washington, D.C. 
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each species in this dataset equals the proportion of individuals of the species killed each 
year at towers. We multiplied the percentage of each bird species in the dataset by a low 
(4 million) and high (40 million') estimate of total bird mortality at communications tow- 
ers to obtain a range of the number of each species killed each year. Because the range of 
total number of birds killed per year is large, even at the lower end of estimates, it does 
not matter substantially if  the actual percentage of each bird species killed per year is 
slightly different from our assumption. For example, whether Ovenbirds represent 10% 
or 12% of all kills is not particularly consequential; even the lower percentage represents 
a large number of individuals killed per year. This methodology provides a range of 
magnitude estimate for each species killed at towers. 

The results show that for the teri avian species killed most frequently at towers, total an- 
nual mortality is estimated to be from 490,000 to 4.9 million for each species. 

Table 1. Estimates of total number of birds killed per species by communications 
towers each year. Includes top ten bird species killed and all birds of conservation 
concern (BCC) identified by the U.S. Fish and Wildlife Service.16 - 

Total Percentage Number killed Number killed 
S2ecies Killed Î  Killed per year ( 1 o w ) ~ r y e a r  -- (high) 
Top Ten Birds Killed 
Ovenbird 22,619 12.240% 489,597 4,895,967 
Red-eyed Vireo 19,707 10.644% 426,565 4,265,654 
Tennessee Warbler 17,689 9.572% 382,885 3,828,850 
Common Yell~wthroat '~ 10,397 5.626% 225,047 2,250,469 
Bay-breasted Warbler (BCC) 10,396 5.626% 225,025 2,250,253 
American Redstart 8,392 4.541% 181,648 1,816,480 
Blackpoll Warbler (BCC) 6,304 3.41 1 %  136,452 1,364,524 
Black-and-white Warbler 6,099 3.300% 132,015 1,320,151 

Swainson's Thrush -1 - >  943 2.134% 85,348 853,477 
Birds of Conservaiion Concern Below Top Ten 
Northern Waterthrush - 2  3 148 1.703% 68,140 681,396 
Northern Parula 2,662 1.440% 57,620 576,200 
Connecticut Warbler 2,624 1.420% 56,797 567,975 
Cape May Warbler 2,119 1 .I90% 47,598 475,982 
Black-throated Blue Warbler 2,061 1.115% 44,611 446,l 1 I 
Chestnut-sided Warbler ~ 1,426 0.772% 30,866 308,663 

Philadelphia Vireo 4,317 2.3 3 6% 93,443 934,431 

16. U.S. Fish and Wildlife Service. 2002. Birds of conservation concern 2002. Division of Migratory Bird 
Management, Arlington, Virginia. The U.S. Fish and Wildlife Service's Birds of Management Concern 
List is a statutorily required listing of avian species that may become candidates for listing under the 
Endangered Species Act without additional conservation action and for which special attention is war- 
ranted to prevent declines. Congress dictated such a list be prepared at least every five years as an early 
warning system to try to prevent birds from becoming listed under the Endangered Species Act. 

17. Subspecies sinuousa is of conservation concern. 
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__ 
Total Percentage Number killed Number killed 

Species - Killed Killed per year (low) per year (h&K 
Black-throated Green Warbler 1,330 0.720% 28.788 287.883 
Bobolink 
Prairie Warbler 
Marsh Wren 
Canada Warbler 
Wood Thrush 
Grasshopper Sparrow 
Yellow-billed Cuckoo 
Kentucky Warbler 
Golden-winged Warbler 
Prothonotary Warbler 
Yellow Warbler18 
Yellow-throated Warbler 
Swainson’s Warbler 
Worm-eating Warbler 
Yellow-bellied Sapsucker 
Dickcissel 
Cerulean Warbler 
Field Sparrow 
Acadian Flycatcher 
Sedge Wren 
Louisiana Waterthrush 
Blue-winged Warbler 
Orchard Oriole 
Bachman’s Sparrow 
Yellow Rail 
Sharp-tailed Sparrow spp. 
Henslow’s Sparrow 
Le Conte’s Sparrow 
Red-headed Woodpecker 
American Bittern 
Alder Flycatcher 
Rusty Blackbird 
Seaside Sparrow 
Black Rail 
Common Ground Dove 
Harris’s Sparrow 
Whip-poor-will 

1,201 
1,018 

888 
689 
684 
582 
568 
568 
542 
476 
419 
339 
336 
255 
228 
171 
164 
147 
I34 
107 
103 
83 
79 
74 
67 
51 
49 
36 
33 
32 
25 
12 
12 
8 
8 
8 
7 

0.650% 
0.55 1 % 
0.481% 
0.373% 
0.370% 
0.3 15% 
0.307% 
0.307% 
0.293% 
0.258% 
0.227% 
0.183% 
0.182% 
0.138% 
0.123% 
0.093% 
0.089% 
0.080% 
0.073% 
0.058% 
0.056% 
0.045% 
0.043% 
0.040% 
0.036% 
0.028% 
0.027% 
0.0 19% 
0.01 8% 
0.0 17% 
0.014% 
0.006% 
0.006% 
0.004% 
0.004% 

0.004% 
0.004% 

25,996 
22,035 
19,221 
14,914 
14,805 
12,598 
12,295 
12,295 
I 1,732 
10,303 
9,069 
7,338 
7,273 
5,520 
4,935 
3,701 
3,550 
3,182 
2,900 
2,3 16 
2,229 
1,797 
1,710 
1,602 
1,450 
1,104 
1,061 

779 
714 
693 
54 1 
260 
260 
173 
173 
173 
152 

259,961 
220,350 
192,211 
149,137 
148,054 
125,976 
122,946 
122,946 
117,318 
103,032 
90,694 
73,378 
72,728 
55,196 
49,35 1 
37,014 
35,498 
31,819 
29,005 
23,161 
22,295 
17,966 
17,100 
16,018 
14,502 
1 1,039 
10,606 
7,792 
7,143 
6,927 
5,411 
2,597 
2,597 
1,732 
1,732 
1,732 
1,515 

6 0.003% 130 1,299 __ Chuck-will’s Widow 

18. Only resident subspecies gundlachi is  of conservation concern. 
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_I 

Total Percentage Number killed Number killed 
Killed Killed per year ( l d m e a r  (high) Species 

Painted Bunting 6 0.003% 130 1,299 
__l_l_- 

Bell’s Vireo 
Little Blue Heron 
Olive-sided Flycatcher 
Solitary Sandpiper 
Bewick’s Wren 
Loggerhead Shrike 
Red-cockaded Woodpecker” 
Upland Sandpiper 
Baird’s Sparrow 
Black-capped Petrel 
Common Tern 
Franklin’s Gull 
McCown’s Longspur 
Northern Harrier 
Semipalmated Sandpiper 
Smith’s Longspur 
White Ibis 

4 
4 
4 
4 
3 
2 
2 
2 
1 
I 
1 
1 
1 
I 
1 
I 
1 

0.002% 
0.002% 
0.002% 
0.002% 
0.002% 
0.001% 
0.001% 
0.001% 
0.00 1 % 
0.001% 
0.001% 
0.001% 
0.001% 
0.001% 
0.001% 
0.001% 
0.001% 

87 
87 
87 
87 
65 
43 
43 
43 
22 
22 
22 
22 
22 
22 
22 
22 
22 

866 
866 
866 
866 
649 
433 
433 
433 
216 
21 6 
216 
216 
216 
216 
216 
216 
216 

1 0.001% 22 216 
1_̂  

Willet 

The results o f th i s  analysis she* the range of mortality per year experienced by bird 
populations from communications towers alone, assuming that overall mortality at towers 
is between 4 and 40 million individuals per year. But even if total mortality at towers is 2 
million individuals per year, the most frequently killed bird species will lose 250,000 in- 
dividuals per year, and a single record of a death at a tower in any of the 47 studies with 
complete lists can be extrapolated to approximately 10 birds per year for that species. 
With the worst-case scenarios (40 million birds per year killed), the top ten most com- 
monly killed birds would suffer losses of -1  million to -4 million individuals per year, 
including two species of conservation concern (Bay-breasted Warbler and Blackpoll 
Warbler).2o Even without going further, we note that the killing of 1 million to 2 million 
or even 100,000-200,000 individuals of a bird species of regulatory concern annually 
typically would be considered a significant impact in environmental impact analysis. To 
further illustrate the potential significance of these levels of mortality, we consider the 
population dynamics of neotropical migrants, which are most affected by collisions with 
communications towers. 

19. Listed under Endangered Species .4ct. 
20. U S .  Fish and Wildlife Service. 2002. Birds of conservation concern 2002. Division of Migratory Bird 

Management, Arlington, Virginia. 
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2.2. Highest Mortality for Neotropical Migrants Currently Occurs During Mi- 
gration 

The migratory period has been suspected to be the “critical period contributing to long- 
term declines in some species.”2’ To address this question, Sillett and Holmes presented 
a long-term study of Black-throated Blue Warbler, which is  documented as being killed 
at communications towers (1.15% of all records) and is a federal species of conservation 
concern, based on observations at breeding grounds in New Hampshire and wintering 
grounds in They found that survival of individuals was high during the sum- 
mer (0.99 * 0.01) and winter (0.93 i 0.05), while survival during both spring and fall mi- 
gration ranged only 0.67-0.73. This was the first quantification of migration mortality 
for a neotropical migrant, and the results reinforced concern about the migratory period 
as playing an important role in species declines. These survival estimates mean that ap- 
parent mortality rates during migration were 15 times greater than during breeding and 
wintering seasons, and that over 85% of total mortality occurred during migration. Sillett 
and Holmes conclude that both habitat conditions before migration and conditions during 
migration affect mortality. 

Consequently, migrant populations could be especially susceptible to processes 
that further reduce survival of individuals during migration, such as destruction 
of high-quality winter habitats and stopover sites, and increases in the number of 
communications towers along migration routes?3 

While it is premature to conclude that the majority of mortality for all neotropical mi- 
grants occurs during migration, it is the case for at least one species. Extra mortality, 
such as the 45,000450,000 individuals per year of Black-throated Blue Warbler killed at 
towers, during a period that is already stressful likely contributes to recorded regional 
population declines or even overall population declines for the federal species of conser- 
vation concern. 

2.3. Tower Kills Could Contribute to Population Declines in Neotropical Mi- 
grants 

Additional mortality during migration could affect population trends for songbirds. It is 
unlikely that tower kill is compensatory. If birds that would die anyway were the only 
ones killed at towers (Le., compensatory mortality), then they should show common 
characteristics that distinguish them from others, such as being young, old, below average 
weight, or disproportionately of one sex. Studies of Ovenbirds killed at towers do not 

21. Hutto, R.K. 2000. On the importance o f  en  roufe periods to the conservation of migratory landbirds. 
Studies inAi,ian Biologv 20:109-114. 

22. Sillett, T.S., and R.T. Holmes. 2002. Variation in survivorship of a migratory songbird throughout its 
annual cycle. Journal ofAnima/ Ecologv 71 :296-308. 

23. Sillett, T.S., and R.T. Holmes. 2002. Variation in survivorship of a migratory songbird throughout its 
annual cycle. Journal ofAninial E<-o/oa 71996-308, p. 305. 
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reveal a consistent pattern of a particular age, sex, or weight of bird being killed;4 which 
we take to be evidence against tower kills being compensatory mortality. If this is true, 
then birds killed at towers represent a chronic, additive drain on populations and will af- 
fect population size. To assess whether this effect is “biologically significant,” we com- 
pared the estimated mortality for selected species with the Partners In Flight conservation 
targets for various regions in the eastern United States (Table 2). Partners In Flight is a 
collaborative effort for bird conservation that includes many government and non-profit 
stakeholders, and its scientific assessment of threats to birds is used as part of the U.S. 
Fish and Wildlife Service’s determination of “birds of conservation concern.” These 
goals are expressed by Bird Conservation Region (BCR). 

Table 2. Comparison of selected bird conservation goals by Bird Conservation Re- 
gion (BCR) from Partners In Flight with estimated annual tower kill peryear. Con- 
servation goals converted from pairs to individuals by doubling number of pairs. 

BCR Species Regional Estimated 
___ 

Conservation Tower Kill Per 
Goal Year 

^____ .. ... ” . ... -. . ~ _ _ ~  I____- ..I____ 

Adirondacks Canada Warbler 30,00040,000 I 5 , 0 0 ~ 1 5 0 , 0 0 0 ~  
Adirondacks Black-throated Blue 100,000-1 10,000 44,00&440,000 

Wa.rbler 
Adirondacks Golden-winged Warbler 2,000 12,000-120,000 
Mid-Atlantic Piedmont Grasshopper Sparrow 70,000 13,000-1 30,000 
Mid-Atlantic Ridge and Wood Thrush 700,000 I5,000-150,000 

Lower Great Lakes Plain Upland Sandpiper 1,200 40-400 
Ohio Hills Cerulean Warbler 300,000 3,500-35,000 

Valley 

Northern Ridge and Worm-eating Warbler 36,000 5,500-55,000 
Valley 

Valley 

Valley 

Plain 

Northern Ridge and Louisiana Waterthrush 18,000 2,000-20,000 

Northern Ridge and Bobolink 24,000 26,000-260,000 

Mid-Atlantic Coastal Prothonotary Warbler 32,000 10,000-1 00,000 
___t 

Even with the most conservative estimates of bird mortality at communications towers, it 
is evident that the number of birds of certain species killed each year can be as great as 

24. Taylor, W.K. 1972. Analysis of Ovimbirds killed in central Florida. Bird-Banding 43:15-19. Brewer, 
R., and J.A. Ellis. 1958. An analysis of migrating birds killed at a television lower ill east-central Illi- 
nois, September 1955-May 1957. Auk 75:400--114. Eaton, S.W. 1967. Recent tower kills in upstate 
New York. Kingbird 17:142-146. Goodpasture, K.A. 1963. Age and sex determinations oftower casu- 
alties, Nashville, 1963. Migrant 34:67-70. Johnston, D.W., and T.P. Haines. 1957. Analysis of mass 
bird mortality in October, 1954. .4uk 74:447-458. Tordoff, H.B., and R.M. Mengel. 1956. Studies of 
birds killed in nocturnal migration. University of Kansas Publicalions, Mustxrm of Natural History 
10:144. 
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the conservation goal for those species for whole regions. By any rational standard of 
environmental impact analysis, this constitutes a significant impact to biological re- 
sources. Even if bird mortality at communications towers is half of the lowest estimate 
(Le., 2 million per year), the effect:, would still be significant. 

Discovery of any one specimen of an endangered species at a communications tower 
would be an indicator of a significant impact on the population of the species. If just one 
Kirtland’s Warbler had been part of the dataset that we analyzed in Table 1, then the in- 
terpretation would be that between approximately 20 and 200 individuals of this species 
are killed at communications towers each year. The total population size of Kirtland’s 
Warbler is only -2,000 breeding individuals each year. Each breeding pair produces on 
average 2.2 fledglings;’ meaning that approximately 4,200 birds migrate each year. If 
our extrapolation is close, then cornmunications towers would kill between 0.5% and 5% 
of the migrants of this species each year. That Kirtland’s Warblers are not regularly 
found at communications towers is evidence only of the rarity of the species and the low 
total effort put into searching for birds around the thousands of towers in its migratory 
pathway, not that Kirtland’s Warblers are avoiding communications towers. 

Although not a neotropical migrant, population effects from tower mortality could affect 
viability of Red-Cockaded Woodpecker. Based on two recovered carcasses, the ex- 
trapolated mortality rate of -40-400 Red-cockaded Woodpeckers annually would repre- 
sent 0 .44% of the total population of -1 1,000 birdsz6 

The Avatar Report acknowledges that tower kills may have significant impacts on threat- 
ened or endangered species, but the authors of the report did not conduct any analy~is.’~ 
Our analysis illustrates that not only are impacts possible, they are foreseeable and likely 
and therefore require analysis under NEPA. 

Our analysis does, however, carry a caveat. These examples illustrate only that it is 
likely and foreseeable that bird mortality at towers has a significant impact on popula- 
tions of birds; they are not meant to be precise predications of mortality from communi- 
cations towers. These results will change as estimates of the total bird mortality at towers 
are refined. They do show, based on current knowledge, the range of magnitude that 
tower mortality has on individual species, rather than lumping all bird mortality into one 
number, as is done in the Avatar Report. 

We conclude that the magnitude of mortality of individual species of birds at communi- 
cations towers constitutes a significant impact, alone and cumulatively, within the under- 

25. Mayfield, H.F. 1992. Kirtland’s Warbler (Dendroica kirllandii). Pp. 1-16 in A. Poole, P. Stettenheim, 
and F. Gill (eds.), The Birds of North America, Vol. 19. Philadelphia: The Academy of Natural Sci- 
ences; Washington, D.C.: The American Ornithologist’s Union. 

26. Jackson, J.A. 1994. Red-cockaded Woodpecker (Picoides borealis). Pp. 1-20 in A. Poole and F. Gill 
(eds.), The Birds of North America, Vol. 85. Philadelphia: The Academy of Natural Sciences; Wash- 
ington, D.C.: The American Ornithologist’s Union. 

27. Avatar Report, p. 5-2. 
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standing of NEPA. Beside the biological impact, this is a profound loss for the roughly 
46 million Americans who watch and enjoy birds in their local environments?8 Declines 
of migratory birds, from backyard species, to less common migrants, to rare and endan- 
gered species, diminish the human environment, and this should be recognized within the 
NEPA process as well. 

3. Tower Height Affects Bird Mortality Rate 

The Avatar Report reaches the conclusion that, “All other things being equal, taller tow- 
ers with lights tend to represent more of a hazard to birds than shorter, unlit 
While true, this statement is too general to be useful, and no recommendation is made to 
regulate the height of new towers. Rather, the Avatar Report simply reviews the com- 
ments submitted. Perhaps this was the intention of the FCC, but it would seem that this 
would be the opportunity to analyze statistically the relationship between tower height 
and bird kills. The comments submitted by industry representatives to the FCC contain 
only a general description of the relationship between the size of bird kills, annual rate of 
bird kills, and tower height. Woodlot Alternatives, representing the communications in- 
dustry. concludes, “There is little evidence of a threshold of tower height that is more 
dangerous to birds.”30 This statement is not consistent with the available evidence as we 
document below 
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Figure 1. Mortality class by tower height for long-term tower kill studies. The mor- 
tality classes are below 250 birds per year (0) and above 250 birds per year (1). See 
Section 10 for raw data. 

28. US. Fish and Wildlife Service. 20021. 2001 National survey of fishing, hunting, and wildlife-associated 
recreation: national overview. U.S. f?sh and Wildlife Service, Washington D.C. United States Fish and 
Wildlife Service. 2001. Birding in the United States: a demographic and economic analysis, report 
2001-1. U S .  Fish and Wildlife Service, Washington D.C. 

29. Avatar Report, p. 5-1. 
30. Woodlot Report, p. 25.  
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3.1. Long-term Studies Show Effect of Tower Height on Bird Mortality 

To investigate the relationship between tower height and bird mortality, we conducted a 
meta-analysis of studies of bird kills at towers that provide or allow estimates of annual 
mortality and include the height of the tower studied. Many of these studies are summa- 
rized in existing reports, such as the Woodlot Report. The mean annual mortality was 
reported for each study from the underlying article, or calculated by others. We classified 
each tower as causing mean annual mortality either less than 250 birds per year or more 
than 250 birds per year as an indicator of the magnitude of the annual kill (Figure 1). 
This threshold represents the bottom quartile of the number of annual kills. This conver- 
sion of a continuous variable (mean annual mortality) to a nominal variable reduces the 
effect of' different study methodologies, search efficiencies, and scavenger removal. We 
then completed a logistic regresaion on mortality class with tower height as the independ- 
ent variable (Figure 2). The data used in this analysis are included at the end of this re- 
port. 
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Figure 2. Logistic regression of birds killed per year by mortality class over or un- 
der 250 birds (lowest quartile or upper three quartiles) by tower height (r* = 0.27, P 
< 0.01). Line indicates probability of annual mortality falling over or under 250 
birds per year. See Section 10 for source data. 

The 26 towers that make up the data points for this regression are located in 14 states, 
with one to seven per state. When multiple studies were conducted on a given tower, 
only a single study was used to avoid double-counting. The regression is significant (r2 = 

0.27, P < 0.01). 
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The logistic regression provides a model that relates tower height with annual bird mor- 
tality. Because the data used to develop this model are all from towers that have recorded 
bird kills, the results cannot be extrapolated to all towers. For towers that cause bird 
kills, tower height is a strong predictor of whether the annual number of deaths is in the 
lowest quartile. In addition to providing a statistically significant description of the effect 
of tower height on bird mortality, the model can be used to predict the tower height nec- 
essary for bird kills to be below 250 per year a given percentage of the time. This model 
predicts that only 5% of the time would towers less than 160 feet tall cause more than 
250 casualties per year, and only 25% of the time would towers less than 536 feet cause 
more than 250 casualties per year. 

The effects of height are amplified by lighting at towers, so the lower mortality at shorter 
towers that do not require lighting, such as the one 197-foot tower in the analysis, i s  
likely to be partly attributable to the lack of lighting. It is impossible, however, to inves- 
tigate the effects of height completely independent of lighting, because all towers over 
200 feet require some form of FAA-approved obstruction lighting. To ensure that our 
results were not biased by the inclusion of the one unlighted tower, we performed a lo- 
gistic regression without this data point and still obtained a significant relationship be- 
tween tower height and mortality class (? = 0. 18; P < 0.05) with all of the lighted towers. 

More long-term studies of towers :shorter than 500 feet would improve this model, but the 
model is certainly adequate to begin to make policy recommendations. Following this 
model, it would drastically redwe bird mortality to keep as many towers as possible be- 
low 199 feet, which both avoids FAA-required lighting (see below) and, according to our 
analysis, would avoid large yearly kills 90-95% of the time. 

3.2. Statewide Study in Michigan With Random Sampling Design Shows Sig- 
nificant Effect of Tower Height on Bird Mortality 

The results of our re-analysis of existing records of annual mortality rates at towers can 
only be extrapolated to towers that are known to kill birds (the towers analyzed were 
studied because they killed birds and not selected randomly) and share other characteris- 
tics (all towers were guyed and all but one was lighted). The results of our meta-analysis 
are consistent with an ongoing study with a random sampling design that compares mor- 
tality at different tower types. This research, led by Dr. J. Gehring of Central Michigan 
University, compares bird mortality rates at short unguyed towers, short guyed towers, 
and tall guyed towers (Figure :I). Differences between guyed and unguyed towers are 
discussed below. Bird mortality at 380480 foot towers was significantly less than mor- 
tality at taller (1,000 foot) towers. On average, the taller towers killed over four times 
more birds during 20-day spring and fall survey seasons than did 380480  foot towers. 
These towers were not known to be susceptible to bird collisions prior to the study. Ad- 
justments were made for search efficiency and scavenger removal, but these did not 
change the character of the raw results. Because ofthe randomized study design, the re- 
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sults from the Gehring study are powerful new evidence of the role of height in bird 
morta~ity.~’ 

The Gehring study has not yet detected any mass kill of birds, which is to be expected 
because the size of kills is inversely proportional to their frequency. The study provides 
evidence of the effects of height on chronic bird collisions with lighted, guyed towers. 
Lighting type may have influenced these results somewhat; the towers were lighted with 
solid red and flashing red lights but the flashing lights were of the strobe type on the 
380480 foot towers, and incandescent on the taller towers. Strobe-type lights extinguish 
completely between flashes while incandescent lights dim slowly. Darkness between 
flashes is thought to be important in reducing bird attraction. But both tower heights had 
solid red lights, which are more attractive to birds than either flashing light type. 

7- 
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Figure 3. Bird carcasses found at towers in Michigan?’ All towers were lit with 
combinations of solid red (L-810) and flashing red lights (L-864; strobe type on 
shorter towers, incandescent on taller towers). Error bars indicate standard error. 

31. Gehring, J .  2004. Avian collision study plan for the Michigan Public Safety Communications System 
(MPSCS): Spring 2004 summary. (Central Michigan University, Mount Pleasant. Gehring, J. 2004. 
Avian collision study plan for the Michigan Public Safety Communications System (MPSCS): Fall 
2004 summary. Central Michigan University, Mount Pleasant. 



Scientific Basis To Establish Policy Regulating Communications Towers To Protect Migratory Birds 
February 14,2005 
Page 15 

With these results being consistent with the analysis of annual mortality presented above, 
it is possible to identify thresholds for the effects of tower height on bird mortality. From 
the logistic model above, that threshold for guyed towers is approximately 160 feet to 
keep mean annual mortality below 250 birds per year 95% of the time. There is no single 
tower height threshold that will eliminate bird collisions entirely, except zero feet. But 
the number ofbirds killed can be minimized by reducing tower heights and this reduction 
appears from the data to be quite drastic between 1,000 feet and 500 feet. There are cer- 
tainly examples of towers of the same height killing different numbers of birds33 and of 
shorter towers, even as short as 100 feet, killing birds under certain circumstances, but 
this variation in the data does not disprove the relationship. 

The results of our analysis are consistent with the Gehring study with random sampling 
design and with surveys of bird kills after taller towers have been replaced with shorter 
towers. Crawford and Engstrom report decreased mortality following the reduction of a 
1,008-foot tower to 284 feet.34 Furthermore, in instances where a taller tower has been 
erected next to a shorter tower, more birds are killed at the shorter tower than before;5 
presumably because of the attracting effect of lights on the taller tower. Finally, the sta- 
tistically significant relationship between tower height and bird mortality is consistent 
with studies of the vertical distribution of nocturnal migrants measured with radar. Most 
migrants fly at -1,500 feet, with a small proportion (2-15% in one study3') below 300 
feet during clear weather. Greater proportions of total migrants (26-46%, depending on 
the season and location) are found in the strata up to -1,300 feet, although the strength of 
radar used in that study3* may underestimate the number of birds at higher altitude. All 
other things being equal, substantially more birds will encounter taller towers (greater 
than 300 feet) and their guy wires than shorter towers (less than 300 feet). 

The logistic regression analysis of annual mortality and the Gehring study fully substanti- 
ate the U.S. Fish and Wildlife Service tower siting guidelines to better protect birds: 

36 . 

1.  Any companyiapplicant4icensee proposing to construct a new communica- 

- 

32. 

33. 
34. 
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38. 

Gehring, J. 2004. Avian collision study plan for the Michigan Public Safety Communications System 
(MPSCS): Spring 2004 summary. Central Michigan University, Mount Pleasant. Cehring, J. 2004. 
Avian collision study plan for the Michigan Public Safety Communications System (MPSCS): Fall 
2004 summary. Central Michigan University, Mount Pleasant. 
Woodlot Report, p. 26. 
Crawford, R.L., and R.T. Engstroni. 2001. Characteristics of avian mortality at a north Florida televi- 
sion tower: a 29-year study. ./oarnal qfFie/d Omitho/oD 72:380-388. 
Stoddard, H.L., Sr., and R.A. Norris. 1967. Bird casualties at a Leon County, Florida TV tower: an 
eleven-year study. BuNetin of Tu// 'Timbers Research Station 8:l-104. Wiseman, J.  1975. TV tower 
kills - Barrie (Ontario). Blue Heron 195.  Hoskin, J. casualties at the CKVR-TV tower, Barrie. Nature 
Canada 4:3940. 
Able, K.P. 1970. A radar study of the attitude of nocturnal passerine migration. Bird-Banding 
41(4):282-290. Bellrose, F.C. 1971. The distribution of nocturnal migrants in the air space. A u k  
88:387424. 
Mahee, T.J., and B.A. Cooper. 2004. Nocturnal bird migration in northeastern Oregon and southeast- 
ern Washington. Northwesrern Naturalist 85:39-47. 
Id. 
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tions tower should be strongly encouraged to collocate the communications 
equipment on an existing communication tower or other structure (e.g., billboard, 
water tower, or building mount). Depending on tower load factors, from 6 to I O  
providers may collocate on ;an existing tower. 

2.  If collocation is not feasible and a new tower or towers are to be constructed, 
communications service providers should be strongly encouraged to construct 
towers no more than 199 feet above ground level (AGL), using construction 
techniques which do not require guy wires (e .g . ,  use a lattice structure, mo- 
nopole, etc.). Such towers should he unlighted if Federal Aviation Administra- 
tion regulations permit.” [Emphasis added.] 

The existing data would support the FCC adopting these recommendations as standards 
to better protect birds. Such standards for tower construction do not mean that towers 
exceeding 199 feet or any other height should not be constructed, only that the FCC 
would strongly encourage co-location and the construction o f  shorter towers to accom- 
plish telecommunication goals while minimizing avian impacts. 

4. Guyed Towers Kill More Birds Than Guyless Towers 

Most towers from which large bird kills have been reported have had guy wires. Obser- 
vational studies of birds in the vicinity of towers show that birds are much more likely to 
collide with the guy wires than with the tower itself.40 Dr. Gehring’s study in Michigan 
provides evidence of increased mortality caused by guyed towers compared to guyless 
towers of the same height and lighting regime. The Gehring study includes 12 guyed and 
9 guyless communications towers 3 8 0 4 8 0  feet tall. During spring and fall 20-day sur- 
vey periods in 2004, guyed towers killed close to ten times more birds than guyless 
 tower^.^' This same ratio was found even after adjusting for scavenger removal and 
search efficiency. 

It would be difficult to imagine more compelling results. Higher mortality from guyed 
towers would be expected because of the circling behavior exhibited by migrants under 
the influence of lights on towers. Furthermore, a study of bird mortality at transmission 
towers in Wisconsin found a high correlation between the locations ofdead birds and guy 
wires, implicating collisions with guy wires as the cause of death!* 

39. Clark, J.R. 14 September 2000. Service guidance on the siting, construction, operation and decommis- 
sioning of communications towers. US. Fish and Wildlife Service, Washington, D.C. 

40. Brewer, R., and J.A. Ellis. 1958. A n  analysis of migrating birds killed at a television tower in east- 
central Illinois, September 1955-1May 1957. Auk 75:400414. Avery, M., P.F. Springer, and J.F. Cas- 
sel. 1976. The effects of a tall tower on nocturnal bird migration - a portable ceilometer study. Auk 
93:281-291. Fisher, H.I. 1966. Midway’s deadly antennae. Audubon Magmine 68(4):220-223. 

41. Gehring, J .  2004. Avian collision study plan for the Michigan Public Safety Communications System 
(MPSCS): Spring 2004 summary. Central Michigan University, Mount Pleasant. Gehring, J. 2004. 
Avian collision study plan for the Michigan Public Safety Communications System (MPSCS): Fall 
2004 summary. Central Michigan University, Mount Pleasant. 

42. Kruse, K. 1996. A study of the effects of transmission towers on migrating birds. M.S. thesis (Envi- 
ronmental Science and Policy), Uriivzrsity of Wisconsin, Green Bay. 
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The hazard of guy wires to migrating birds has also been investigated by those working 
with wind power producers. Research on wind turbines, which are unguyed, and nearby 
guyed structures confirms the increased risk of guyed structures. For example, in one 
study, the average number of birds killed at a guyed meteorological tower was approxi- 
mately three times hi her than the nearby per turbine mortality. The turbines, of a similar 
height, are unguyed. 

This evidence, and the lack of records of mass bird kills at guyless towers in the reviewed 
literature, is sufficient for reasonable scientific minds to conclude that guy wires greatly 
increase mortality at towers. The evidence cited above documents the scientific merit of  
the U.S. Fish and Wildlife Service tower siting guidelines on the use of guy wires: 

2. If collocation is not feasible and a new tower or towers are to be constructed, 
communications service providers should be strongly encouraged to construct 
towers no more than 199 feet above ground level (AGL), using construction 
techniques which do not require guy wires (e.g., use a lattice structure, mo- 
nopole, etc.). Such tower‘, should be unlighted if Federal Aviation Administra- 
tion regulations permit. 

7 .  Towers and appendant facilities should be sited, designed and constructed so 
as to avoid or minimize habilat loss within and adjacent to the tower “footprint”. 
However, a larger tower footprint is preferable to the use of guy wires in 
construction.”4 [Emphasisis added.] 

4g 

The FCC could significantly reduce avian mortality at communications towers by allow- 
ing construction only of guyless lowers unless applicants document that such construc- 
tion is not feasible. 

5. Tower Lighting Influences Bird Mortality 

The lighting scheme of communications towers is probably the most important factor 
contributing to bird kills at towers that can be controlled by humans.45 The current Fed- 
eral Aviation Administration Advisory Circular (AC) 70/7460-1, Obstruction Marking 
and Lighting, dictates the use o f  lighting for nighttime conspicuity for aviation safety for 
all obstructions over 199 feet and for structures within three nautical miles of an airport. 
This is the only purpose in placing lights (Table 3) on communications towers and other 

43. Young, D.P., Jr., W.P. Erickson, R.E. Good, M.D. Strickland, and G.D. Johnson. 2003. Foote Creek 
Rim final bird and bat mortality report: avian and hat mortality associated with the initial phase of the 
Foote Creek Rim Wind Power Project, Carbon County, Wyoming. November 1998-June 2002. Final 
Report. Western EcoSystems TechnoloD, Inc., Cheyenne, Wyoming. 

44. Clark, J.R. 14 September 2000. Service guidance on the siting, construction, operation and decommis- 
sioning of communications towers. LIS .  Fish and Wildlife Service, Washington, D.C. 

45. Cochran, W.W., and R.R. Grahrr. 1958. Attraction of nocturnal migrants by lights on a television 
tower. Wilson BuNetin 70:378-380. Avery, M., P.F. Springer, and J.F. Cassel. 1976. The effects of a 
tall tower on nocturnal bird migralion - a portable ceilometer study. Auk 93:281-291. 
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structures - to provide for aviatimon safety by making sure pilots can see human-made 
obstructions. 

Table 3. FAA-approved light lypes for obstruction lighting. 

D e s a t i o n  
L-810 Steady-burning Red Obstruction Light 
L-856 High Intensity Flashing White Obstruction Light (40 FPM) 
L-857 High Intensity Flashing White Obstruction Light (60 FPM) 
L-864 Flashing lied Obstruction Light (2040  FPM) 
L-865 Medium Intensity Flashing White Obstruction Light (40 FPM) 
L-866 Medium Intensity Flashing White Obstruction Light (60 FPM) 
L-864/L-865 Dual: Flashing Red Obstruction Light ( 2 0 4 0  FPM) and Me- 

dium Intensity Flashing White Obstruction Light (40 FPM) 

- 
~ _ _ _ -  

- - ~ 

FPM = Flashes Per Minute 

Nocturnal migrants can be attracted to lights and they are disoriented or "trapped" by the 
lights once within their zone of influence. This zone of influence is extended when fog i s  
in the air reflecting the light and inclement weather or topographic factors have forced 
migrating birds to lower altitudes. These mechanisms have been observed not only with 
reference to communications towers, but also for attraction to lighthouses: 
fires:' oil ceilometers;'' and city lights and  building^.^' 

46. Barrington, R.M. 1900. The migration of birds as observed at Irish lighthouses and lightships. R.H. 
Porter, London and Edward Ponsonby, Dublin. Bagg, A.M., and R.P. Emery. 1960. Fall migration: 
Northeastern maritime region. Azrdubon Field Notes 14:lO-17. Dutcher, W. 1884. Bird notes from 
Long Island, N.Y. Auk 1:17&179. 

47. Allen, J.A. 1880. Destruction of birds by light-houses. Bulletin of the A'zitfall Ornihlogira l  Club 
5:131-138. Brewster, W. 1886. Bird migration. Part I .  Observations on nocturnal bird flights at the 
light-house at Point Lepreaux, Bay of Fundy, New Brunswick. Memoirs of the Nuttall Ornithological 
Club 1 5 1 0 .  Hansen, L. 1954. Birds killed at lights in Denmark 1886-1939. Videnskabelige Med- 
delelser,fra Dansk h'aturhistorisk Forening 116269-368. Lewis, H.F. 1927. Destruction of birds by 
lighthouses in the provinces of Ontario and Quebec. Canadian Field-,Vaturalist 41 :55-58, 75-77. 
Miller, G.S., Jr. 1897. Winge on birds at the Danish lighthouses. Auk 14:415417.  Munro, J.A. 1924. A 
preliminary report on the destruc1.ion of birds at lighthouses on the coast of British Columbia. Cana- 
dian Field-Naturalist 38:141-145. 1'71-175. Squires, W.A., and H.E. Hanson. 1918. The destruction of 
birds at the lighthouses on the coast of California. Condor 20:&10. Tufts, R.W. 1928. A report con- 
cerning destruction of bird life at lighthouses on the Atlantic coast. Canadian Field-Naturalist 
42: 167- 172. 

48. Stone, W. 1906. Some light on night migration. Auk 23:249-252. 
49. Tornielli, A. 1951. Comportamento di migratori nei riguardi di un pozzo metanifero in fiamme [Be- 

havior of migrants under the influence of  a burning natural gas well]. Rivista llnliana di Ornitologiu II- 
21:151-162. Wiese, F.K., W.A. Montevecchi, G.K. Davoren, F. Huettmann, A.W. Diamond, and J. 
Linke. 2001. Seabirds at risk around offshore oil platforms in the North-west Atlantic. Marine Pollu- 
tion Bulletin 42: 1285-1 290. 

50. Ferren, R.L. 1959. Mortality at the Dow Air Base ceilometer. Maine Field Naturalist 15:113-114. 
Fobes, C.B. 1956. Bird destruction at ceilometer light beam. Maine Field Naturalist 1293-95. Howell, 
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Historical accounts suggest that, at least for birds attracted to lighthouses, solid white 
lights are more attractive to birds than colored or flashing lights. Barrington analyzed 
birds that were killed at 58 lighthouses and concluded that solid lights were more attrac- 
tive to migrants than blinking lights and that white lights were more attractive than red 
lights.” Others concluded that, “fixed white lights were more deadly than revolving or 
coloured lights”53 and that, “coloured lights do not attract the birds as white ones so fa- 
tally d ~ . ” ~ ~  Although colored (red) lights at lighthouses may have attracted fewer birds, 
flashing red and solid red lights in combination on communications towers are well 
documented to attract birds, especially night-flying  migrant^.^' Conclusive evidence is 
not available that the color of light affects bird attraction, and Verheijen concludes that 
lesser attraction at colored lights is a function of their generally lower intensity.s6 Nev- 
ertheless, birds are attracted to red obstruction lighting, even if the lighting may be classi- 
fied as low intensity. The role of color is confounded with the duration of the light - 
evidence indicates that white and probably red strobe-type lights are less attractive to 
birds than solid light of either color, as discussed below. 

It should be noted that attractiori of birds to white light does not mean that white strobes 
will also be attractive for birds as suggested by comments from the communications in- 
dustry.” The unpublished research cited by the communications industry is described by 
Kerlinger5’ as documenting attraction of birds to solid white light over colored light, con- 
stant light over tlashing light, and light over darkness in a captive, experimental setting. 
The report of this study does not indicate that strobe lights were tested and other details 
of the study are not available, and therefore it should not be assumed that it provides evi- 
dence that white strobes would be attractive to migrating birds. 

Observation of bird behavior ai towers lighted with solid red (L-810) and flashing red 
(incandescent L-864) lights confirms that light is the stimulus that keeps birds circling the 
tower and thereby substantially increasing risk of mortality. Cochran and Graber ob- 

J.C., A.R. Laskey, and J.T. Tanner. 1954. Bird mortality at airport ceilometers. Wilson Rullelin 
66:207-215. 

51 .  Gastman, E.A. 1886. Birds killed by electric light towers at Decatur, 111. American Naturalist 20:981. 
Overing, R. 1938. High mortality at the Washington Monument. A u k  55:679. Lord, W.G. 1951. Bird 
fatalities at Bluffs Lodge on the Blue Ridge Parkway, Wilkes County, N.C. Chat 15:15-16. 

52. Barrington, R.M. 1900. The migration of birds as observed at Irish lighthouses and lightships. R.H. 
Porter, London and Edward Ponsonby, Dublin. 

53. Dixon, C. 1897. The migration cfhirds: an attempt to reduce avine season-flight lo  law. Windsor 
House, London. 

54. Thomson, A.L. 1926. Problems ofbird-migration. H.F. & G. Witherby, London. 
55. Weir, R.D. 1976. Annotated bibliography of bird kills at man-made obslacles: a review of the slate of 

the art and solutions. Department of Fisheries and the Environment, Environmental Management 
Service, Canadian Wildlife Service, Ontario Region, Ottawa. 

56. Verheijen, F.J. 1985. Photopollution: artificial light optic spatial control systems fail to cope with. In- 
cidents, causations, remedies. Exptlrimental Biology 44:1-18. 

57. Avatar Report, p. 3-49. 
58.  Unpublished research described in Kerlinger, P. 2002. Avian mortality at communication towers: a 

review of recent literature, reseawh, and methodology. Report to U.S. Fish and Wildlife Service, Of- 
fice of Migratory Bird Management. 
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served birds flying around incandescent red lights on a tower. When the lights were 
switched off, the birds dispersed. Birds congregated anew when the lights were switched 
back 011.5~ Avery et al. repeated this experiment, and birds dispersed when the lights 
were extinguished.60 As others have noted, “Avery’s data suggest that the tower’s ob- 
struction lights were the & factor in the congregation of birds.”6’ Larkin and Frase also 
documented the circular f l i  ht paths of birds around a broadcast tower lighted with solid 
red and flashing red lights!‘ The Avatar Report does not adequately convey the certainty 
of this information or the central importance o f  lights in causing birds to collide with 
towers. The combination of solid red and flashing red lights (L-810 with incandescent L- 
864) attracts and disorients birds. which accumulate around towers, collide with each 
other, the tower, guy wires, and fhe ground, die o f  exhaustion, or deplete their fat re- 
serves. 

5.1. Disorientation by Red Lights Has Physiological Basis 

The accumulation of birds near red lights may result from the same mechanism that at- 
tracts birds to white lights, from disruption o f  magnetic orientation under red wave- 
lengths, or from a combination of both mechanisms. Nocturnal migrants are attracted to 
both red and white lights, become “trapped” in the lighted area, and do not return to the 
darkness of their migratory path This has been shown in experiments where birds, 
varying by species and individual, move into lighted areas but not back into dark ones.63 
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Figure 4. Orientation (+) and disorientation (-) responses of birds under different 
 wavelength^."^ 

59. Cochran, W.W., and R.R. Graber. 1958. Attraction of nocturnal migrants by lights on a television 
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60. Avery, M., P.F. Springer, and J.F. Cassel. 1976. The effects of a tall tower on nocturnal bird migration 
-aportable ceilometer study.Auk93:281-291. 

61. Weir, R.D. 1976. Annotated bibli(7graphy ofbird kills at man-made obstacles: a review of the state of 
the arr and solutions. Department of Fisheries and the Environment, Environmental Management 
Service, Canadian Wildlife Service, Ontario Region, Ottawa, p. 18. 

62. Larkin, R.P. and B.A. Frase. 1988. Circular paths of birds flying near a broadcasting tower in cloud. 
Journal of Cornparafive Psychologj 102:90-93. 

63. Verheijen, F.J. 1958. The mechanisms of the trapping effect of artificial light sources upon animals. 
Archives A/ierIandaises de Zoologie 13: 1-107. 

64. H’iltschko, W., and R. Wiltschko. 2002. Magnetic compass orientation in birds and its physiological 
basis. Natunvissenschajien 89:445452. 



Scientific Basis To Establish Policy Regulating Coniliiuliications Towers To Protect Migratory Birds 
February 14,2005 
Page 21 

The evidence for disruption of magnetic orientation by red light is strong. Birds, when 
denied celestial cues, use magnetic orientation to guide migration direction!' It has been 
demonstrated in birds of several families that this magnetic orientation depends on the 
presence of light less than 590 nm (yellow; Figure 4). This magnetic orientation is dis- 
rupted under yellow and red light, as shown for European Robin (Figure 5). Birds within 
the visual sphere of influence o f a  red light would be denied use of celestial cues by the 
glare of the lights, and often by inclement weather that extends the influence of the lights. 
In this situation, the birds would also be denied use of magnetic orientation because of 
the absence of shorter wavelengths necessary for magnetic orientation to function, which 
may lead to disorientation and circular flight in the vicinity of the lights!' 

Figure 5. Orien 

w 

S 

tion of European Robins under low-intensitv ligh 3f  " Y  ifferent 
wavelengths in the spring. Birds;nnder blue (B, 424 nm), turquoise (T, 510 nm), and 
green light (C, 565 nm) oriented properly, as indicated by the arrow in the circle. 
Individuals under yellow (Y, 590 nm) and red (R, 635 nm) light did not orient cor- 
rectly:' 

65. Deutschlander, M.E., J.B. Phillips, and S.C. Borland. 1999. The case for light-dependent magnetic 
orientation in animals. Journal ofErperimenIa1 Biology 202:891-908. The evidence for magnetic ori- 
entation in birds is derived from studies of birds before flight, choosing a migratory direction. Defini- 
tive evidence of use of the magnetic <compass during flight has not been obtained. 

66. Gauthreaux, S.A., Jr., and C .  Belser. 2005. Effects of artificial night lighting on migrating birds. In C. 
Rich and T. Longcore (eds.), Ecological consequences of arlificial night lighting. Island Press, Covelo, 
California. 

67. Wiltschko, W., and R. Wiltschko. 2002. Magnetic compass orientation in birds and its physiological 
basis. ,'va/nnvissenschafren 89:445452. 
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5.2. White Strobe Lighting I>oes Not Attract, or Negligibly Attracts, Migratory 
Birds 

Duration of lighting is critical lo whether birds are or are not attracted to lights. The 
Avatar Report states that, “Although some studies and several anecdotal reports suggest 
that white strobe lights may be less; attractive to birds, this has not been proven to date.”68 
This conclusion improperly dowriplays the strength of the evidence that white strobe 
lights do not attract migrating birds, perhaps because the Avatar Report does not include 
studies from other lighted structures such as lighthouses. 

The Dungeness Lighthouse in K h t ,  England was well known for chronic bird kills. In 
1961, its revolving beam was replaced with a bluish-white lamp that flashed one second 
in every ten seconds. The Warden of the Dungeness Bird Observatory noted: 

An intermittent, flashing lisht (i.e. as the new Dungeness light) proves of no at- 
traction to birds and casualties have never been found .... So we see that a light- 
house long known to kill large numbers of night migrants in a manner familiar to 
any who have witnessed kills, has ceased to kill any simply by changing its old 
10-beam revolving light for a flashing light sending the same signal.69 

Observations during the transition week between lights, under similar weather conditions, 
showed bird attraction with the constant revolving light, but none with the intermittent 
light?’ 

The historical record of bird mortality at lighthouses with incandescent flashing (not 
strobe) lights is mixed. Some l i  hthouse keepers reported hundreds of mortalities annu- 
ally, while others reported none. This record is difficult to interpret because the litera- 
ture does not describe the lights well. None of the lighthouses described in these early 
studies was equipped with strobe lights, which had not yet been invented.” 

All reports indicate that replacement of solid lights with white strobe lights (and no other 
lights) reduces bird kills. When stacks and towers at a power lant in Canada were 
equipped with strobe lights, bird kills were “virtually eliminated.”7PSome U.S. television 
towers were equipped with white strobe lights (e.g., L-865) instead of solid red (L-810) 
and flashing red (L-864) for the first time in  1973.” Although 1 1  of the one-night kills 

+I 

68. Avatar Report, p. 3-43. 
69. T.E. Scott, quoted in Baldwin, D.H. 1965. Enquiry into the mass mortality of nocturnal migrants in 
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reported in the literature occurred since 1973, none was at a tower with only strobe 
lights.75 

Gauthreaux and Belser investigated the influence of light type on bird behavior around 
towers. The complete details of the Gauthreaux and Belser study were not available to 
Avatar Environmental for its review. This study has been peer-reviewed as part of a 
chapter to be published in a forthcoming edited It provides additional scientific 
evidence that white strobe lights do not attract birds to towers and that strobe lights affect 
bird behavior less than solid red and flashing incandescent red lights when birds are in 
the vicinity of a tower. 
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Figure 6. Rate, linear, and nonlinear migratory bird flights around control and 
strobe-lit tower sites at Neese, Georgia. Rate of linear and nonlinear paths are sig- 
nificantly different, with more nonlinear flights around the strobe-lit tower. The 
average rate of birds flying at each location was not significantly different. 

Gauthreaux and Belser recorded bird behavior at towers at two study sites. At a site near 
Neese, Georgia, they compared bird flights at a 1,200-foot television tower with white 

75. See reports reviewed in Woodlot Report. We consider the mass kill of Lapland Longspurs at a strobe- 
lighted tower to be a special event, likely explained by attraction to lighted facilities near the tower, an 
opinion that is shared by many e:uperts. See Eaton, J. 2003. Tower kill. Earth Island Journal 
17(4):32-35. 

76. Gauthreaux, S.A., Jr., and C. Belser. 2005. Effects of artificial night lighting on migrating birds. / n  C. 
Rich and T. Longcore (eds.), Ecological consequences of ariijkial nigh/ (ighting. Island Press, Covelo, 
California. 
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strobe lights ( 4 0 4 6  pulses per minute; L-856 or L-865) and a control site. Linear, non- 
linear, and total paths were recorded and analyzed using general linear models with date 
and tower type (location) as explanatory variables. Results (Figure 6) show statistically 
significant higher rates of nonlinear flight around the strobe-lit tower compared to the 
control (no towers with red lights were studied in Georgia), but not significantly more 
total birds at the tower with white strobe lights compared with the control. The Avatar 
Report characterization that “white strobe lights attracted birds as compared to unlit con- 
trol sites that attracted none”77 is not accurate for the study as accepted for publication - 
there was no significant difference between the number of bird flight paths at the 
control site and at the tower with white strobes. 
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Figure 7. Rate, linear, and nonlinear migratory bird flights around towers with 1) a 
combination of solid red and flashing incandescent red lights, 2) white strobe lights, 
and 3) a control site without a tower near Moores Landing, South Carolina. Letters 
indicate statistically significant differences. 

The second part of the study was conducted near Moores Landing, South Carolina during 
the fall migration. Gauthreaux and Belser monitor bird flights on 14 nights at two tow- 
ers, one tower (1,667 feet) with incandescent flashing red and solid red lights (L-810) and 
one tower (2,016 feet) with white strobe lights, and a nearby control site. General linear 
models revealed that the number of flights was influenced by the day of observation and 
tower type. Significantly more birds were observed at the tower with the combination of 

77. Avatar Report, p. 3-48 


